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PROBLEM TO BE SOLVED: To suppress the shift of focus position 
against wavelength variation small. 

SOLUTION: The diffracting multifocus objective Ids a biconvex single 
lens having two lens surfaces 1 1 and 12 which are spherical surfaces 
macroscopically increasing in radium of curvature fi*om the centers to the 
peripheries, and a diffraction lens is formed on one lens surface 1 1 . The 
diffraction lens is formed as ring zones which are rotationally symmetrical 
around the optical axis Ax and so designed that the focal length is shorter to 
diffracted light which is larger in diffraction degree. Primary diffracted 
light LI forms a 1st focus Fl on the optical axis Ax and secondary 
diffracted light L2 forms a 2nd focus F2 on the optical axis Ax closer to the 
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^ct^tr. B^i!BiH5)•^^'7y;^*>'JaT<^^Sr«l>t-r^:fc 
0. 2 1 < P1/P2 < 0. 7 6 

[it*«ioi mis^imj^iizm^^iitimmi 
(nmMmiiz. mis^2mi^\,zm9t^ixrz%i:m<r> 
■ muzmmth z t imLb-i-imcm9 iz^m 
mm^'mmiitsuyx. 

I iS*« 1 1 1 #-oJi*f p yxff)-:fj<7) u yxmiz 
msmmtni^yxmmim^txm^^ti. AW3t^^ 
m±com^j:mmmmvxm.<m^it^^x m 
^^^hmmBm&^mmmm^mii^yxtz 

^-X^t$*iJ^:tB?^iS:SAGO. m2<7imL(cru- 
Xit^tU::mmKi:SAG\bLi:ib^iz. Wmmtfi 

uyxmki^mffymfmsA G*«jaT<oieT'^§ 

it. 

SAG=aXSAGO + (l-a)XSAGl 

-rsmiff^M^uvx. 

0 < a < 1 

ti. w^fHaifii^kTcjmimfi-tzbimLb-rt 
M^Jii 1 izwm<r>mm^m^uyx. 

0. 31<«<0.46 
[000 1] 

imc^mt^mm} z<mmii. mm. mm 

■rh%\^y^r^Tffimivyxmb Lxmy-^hUh^ 
mmM^^mmmi^mjmm^yxtizmth . 

[0002] 

immm'i mM}^t>. mmffym-tfim^£i.2r>ff) 

J^i:2-:>ffmM:Mdt^^hZM}^vyXimiVyx 

bLxm>>^tmkimt>ixx\>^t.m}L\t. tnikkeim 

ECHANICAL 1995.5.15 no. 454 j <7)m8^-i^'fc{i. 

xi^^yj^-mmmnyxvyxifmi^fih , 

[0003] iMSmizim^iihZMA^yyXii. # 
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w^yss-mt-stftfc. ^D^^^AasiJ-i^i^Lfci 
2(7)m^mm-i>, 
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[00 0 5] ^/c. m2<mAimm-i>^iznLx 
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[0006] LJtA^oT , {alSlWIUiySiWyXJrfiJffl L 

>'yhbxmKom^m. m^ji>iff-icmLx<r>x.y- 

[0007] icoflBjJJi^ ±aL/ifi!*StgOglMt^ 

;fi^x^$tvrziy(/)xs>*). ».M^izm-hMmM(n 
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wm^m^^smvyxi^^th^ k $-a«fc^s. 
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1. OA < < 2. 0A...(1) 

[00 101 $^>t. 3t»cO^<5r®l, m2comAfc 

U Sg2cO|ysrfcii^)-$iiS3tS5rP2k LJtfcg'tc. ffi 
yx\^xV(rymK2)iW^'f^ bimt L\\ 

0. 2 1 < P1/'P2 < p. 76. ..(2) 

[00 11] -:f}. mifTi^yxcommksAGii. ?bi 4o 

ii^BBBttSrSAGO. m2«Oiji3S<^|lUff3ai^*n GO 
%i: ^rS J: d V-Xfli^tutSBMR?: S A Gl i: L 
TOT<7)it:(3)Ta§il. 

SAG = aXSAG0+ ( 1 -a) X SAGl. .. (3) 
0 < a < l...(4) 
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0. 31 < a < 0. 46. ..(5) 
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m^mmmmm^jmi^yxiytT^ x^mmco 

xmmtt. mm. mssmiziH^mmrMj^uy 
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[00141 zmmzMAi^yxi ott. Eftwtm 
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■r&. z<7)i^yXiO(om^uyXiijE<Of'<'7-i^ 
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(om.izm-i>m^smifii *)m<^tj: owm^tix 

[00161 fttCjE«0n'7-&J$O|HlJfV>'XtJg*fW 

'J'"^j:< b t l<mii<0|BlJf3t(-J: 0JgJS$n53i^tco 
Tv^»i. «;S3a»*«*^x;«^t«)JS*fwyx. 
yXtiSM^i^^h-Jpllv^ttT^ML^v^, feSWtc 

[00171 OdHmtftbmiimmifi^b fcJ: 0 2 
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hiiK HWfuyXOA-y-liEiSfijiJStiO^-fb-r^.^ 
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0. 21 < P1/P2 < 0. 76. ..(2) 

[00281 ^(2)(^)«Htt. mmzm*j:m.bm. 
iTmhm^\.z\is^ 1 <r>m3mzw.!^-^ixz>%st<m^ 
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[ 0 0 3 0 J mi!ii^yx<mmfm. miff 

«DSAGi:U-C*S*l5. ^:w^^^«SAG{±, 

1 0 0 % fc ^rS J: a 
SAGO. m2(Dm.(r)m^^*n0 0%b^j:hX0 

SAG = aXSAGO + (1 -a)XSAGl...(3) 
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*0 < a < l...(4) 

[003 11/v:Jt'L. ie(3)4>OSAG0, SAGKJ, 
-5-ii-eti^(6). (7)fc:^SiiSiii:^:^. iC(6). 
(7)+<oco. c«45S(8)fc:*$*i&J:at:*ia4W!l<o 

m±.COmm^rO. rlC7)mX'h*). KO, Kltinit 
A4, A6, A8. AlO. B4. B6, B8, BlWi-?- 

ti^ti4. 6. 8. iOi$:ff)4mmm.vs>h. tt:. 

«<^^{N = 0. 1, 2. •••), GO, GUi^n^iKT) 

mL(^Mmsmi: i o o%ft&i^if>iZim^^m 

V<^m:m&: min)-C*S. 5^(6). {7)'peomm 
NXGO. NxGl*{lBlJfl'yX«J&i:UT<Ott«^^-r 

[0032] 



SAGn = , ^ ■l-A4h^+Ath*+Agh*+Aioh"'+NxGo 

SAG,= 



•(6) 



C,h^ 



I +B4h*-t-Qih'+Bgli'+Biflh'''+NxOi. 
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_ 1 _ 1 
Co = — , Ci=— ...^8) 

[00 3 31 ^(4)tt. 2o<r)»3a<0|iWf3Kfc:J:Sm 
^^J^T-fiia-^iylJ-S ^ 1 1 i 0 . 2 -POiJJSoiilJf 

SAGOtm-T'S 

0.00 0.000 

0.10 0.012 

0.20 0.055 

0.30 0.135 

0.40 0.255 

0.50 0.405 

0.60 0.573 

0.70 0.737 

0.80 0.875 

0.90 0.968 

1.00 1.000 

[00351 cKOfc^, mimskm^m^^mtz 

0. 3 1 < a < 0. 46. ..(5) 
[00 36] ^(5){i. mm^{2)^jmmi}-^ 



fc. fu-xit^tifi.mm^sAGo^ sAGit-eii-f 

[0034] 

mi} 

SAGltCitJE-tS 

1.000 

0.968 
0.875 
0.737 
0.CT3 
0.405 
0.255 
0.135 
0.055 
0.012 
0.000 

[003 7] 02«. iyyxio^^-t^ym<r>tfm 
^i:^mmtVS>&. vyxioffy-^ayvyxm 

1 ims'tijj^Lti^wmi. mvyxm\z3;i o 
vm9x^h2)m^%h\.zm^iiht^^. uyx 
io<r>mVfi'yxsi^<mmizX':,xim^tL^, liJc 
mmiLUi. a*t8a&-c5^ Lfc J: o izmiA x±.tz 
mm^FummL. 2<mfititL2tm'i^T^ 
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mt}Tuyxcoi^mt:^m\.^odmmtizx m&^ti 
mi(om^Fix*)\yyxi,^(,mix&m- 

I. 

[0 0 381 mz. m.MSL^mLffmf^x9hLx. 

(DVD)t$-fflV>SJ^fcOV^-CiiHWS. CD{±. © 10 
$1. 2mm(r)mmt:^i>)^f'(X9'Ct>*). D 
VDJ4. JSSO. 6inmc7)«a«^*1-ST'fX^'2tt: 
S:fi!r^t.-ti::rcWHr -f X ^'TS> 0 . ieMiWjS*»'C D i O 

[ 0 0 4 0 1 ^r*5 . #T -f X ^'c7)fi5a«t4W¥Bp-C*> 

m^'^izmM^it?>t:i/)izjE<f)mmifmi:^ 
h. HRfc. ytr ^ xi^^mcomiuyxii. i^yx 

mm(Dm^izsitx^it-ti>t:ib. cDmizmmma^ 

iRII*«ffliE^J£ t =5: •? . -x hS*^:*:^ S . 30 
[00411 ^ZX\ iKDmX'ti. EJfVyXt^iiJR 

<mm<7)T ^x^izft txmzmmfm^+^izmjEx 

^hXdm^^iiX^^h. Mimizli. muyxm 
<?)jE<o>'N-y-t3tflli*»^<86h.l. fcfia-sT/N'V-*^ < 

xom&tx\^i, ziiX'^^omuyx^^cT) 

^^v-tlt. U^\yyXa)nv-tWlk{zvyxmff>m 
[ 0 0 4 2 1 :5rfc . HSf WyXi&«ffilR|ISrffiE-r S i 40 

1 ^dmsi^t TmiS\%t mmthm\\^y 

X<ryni^^ 2»:l5I#f7fei: 3»CllI*f3ti: ^m^thVyX 
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[00431 

*t«!iuyx<oft#fl<F3rllS60«^40!lil»»tS. 
[00441 

m^hmizm,^mii\yyxxtbh, mmm. 

*>3t«Jt{4. 0ifoi»«40. 5%. laoSMO. 5%. ffi 
i7)<Jd&*n 8%-C&&. Utt^llliO^yXJi. 0<iC. 1 

•cv^s. ^fr(i). (2). (4)fcj«-siittwioe 

A^=0. 5A. Pl/P2 = l. 0. a = 0. 5 
t^rS. ^fr(4)tiS|/iLTV^I,*>\ OiJ^t l»:olll»f 

-f. 3t*S:i^tii;^i-^sflifirr*)5fci^^(2)t,sf 

*-C<OfiSM<0*S*«l. 2iiiaW«fi<03tr-fX^'$rffl 
v^:t«^(ciB«iijJ:fc:illU5i*?gj£U. l»:lil*f3Bi. 

[00451 ussfi?! 1 <mw¥mm^icm.wML 

{4. *2fc:*$ns. IBiiii. %2mtfimivy 
X, msiS. Sl4iii*^7tf-fX^<ofiiia^5r^RL, mi 

mims<vyxm>LhxmL^ixx\.^h, ^t^. m*ff> 
^iiA\imivyx<mm.. mmmmiM. f 

SI, rtt3t«lt<7)^Cte(tSlfl|^i|ig(#fi[:iiii). d 
J4MB(#fiL : mm). nJift^G 8 OniiT'COSJf*. v 
{4Tv'qBcT*S. iiilSIHd2fcd3i:{4, %f<Xifff) 

[00461 
[«21 

NA=0.6 A=680in f0=3.00ra fl=2.gQiiiii 
9B#^ r d n V 

1 ffie L800 57.4 

2 ^ 954 L27aA.S04 

3 oo L20Q/0.600 L 57834 29.9 

4 c» 

iooAT\mm\<f)\^yx<r)mmmmi. «is 

<7)^(3)ta = 0. 5 5rftA-rS^i;fcJ:0^?n 
a. mifficoj^-&^]S-rSfctf)<^:*(6). {7)t:iJft 

[00481 
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1 1 

To =1.833 
K<, =-0.570 
A, = 9.132X10^ 
A. = 2.016X10^ 
A, = 2.111X10r* 
A,o= -1.047X10* 
Go = 0.000 



1 2 



r, = 1.748+0.00045XN 
K, =-0.570 

=(-4.456+0.0310XN)X10^ 
B» =(-6.433+0.0340 X N) X 10^ 
Bg = 4.337 XlOr* 
B,o=(-2.215+0.0057XN)X 10^ 
G, =-1.392X10'* 



[00491 uttfiss 1 ^zm&im^>imfitma)*^ 



N 
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0.000000 ^ 
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1 


0.299404 ^ 


h 


2 


0.398558 ^ 


h 


3 


0.516188 ^ 


h 


4 


0.612815 ^ 


h 


5 


0.697307 ^ 


h 


6 


0.773726 ^ 


h 


7 


0.844341 ^ 


h 


8 


0.910578 ^ 


h 


9 


0.973406 ^ 


h 


10 


1.033526 ^ 


h 


11 


1.091468 ^ 


h 


12 


1.147653 ^ 


h 



< 0.299404 

< 0.398558 

< 0.516188 

< 0.612815 

< 0.697307 

< 0.773726 

< 0.844341 

< 0.9105?8 

< 0.973406 

< 1.033526 

< 1.091468 

< 1.147653 

< 1.202425 
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N 




h 




13 


1.202425 ^ 


h 


< 1.256080 


14 


1.256080 ^ 


h 


< 1.308880 


15 


1.308880 ^ 


h 


< 1.361070 


16 


1.361070 ^ 


h 


< 1.412885 


17 


1.412885 ^ 


h 


< 1.464567 


18 


1.464567 ^ 


h 


< 1.516373 


19 


1.516373 ^ 


h 


< 1.568591 


20 


1.568991 ^ 


h 


< 1.621560 


21 


1.621560 ^ 


h 


< 1.675697 


22 


1.675697 ^ 


h 


< 1.731546 


23 


1.731546 ^ 


h 


< 1.789840 


24 


1.789840 ^ 


h 


< 1.851629 
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^ ^[^21 

N=INT(9J19840h*-0J38313h^-0.0444794h'4O.5) • • •( 9 ) 



[00521 ±Si(OM 9 )t±. H 1 fflcOl5]lfff^ffl*<^N-V 
[00531 

[asi 

Ko = 0.000 



A, = 2.479X10"' 
A, = 8.272X10^ 



G„ = 0.000 
A4 = -5321X10' 
Aio= -6.068X10"' 



[00541 

*>3KftJttt. 0»:3&*2 5. 4%. \d^51. 3%. -f- 
c?>flfe<7)»3gt**l 7 . 3%Ti>S. ||tefi'll2iDPyXJi. 
OiX3KS:CDOj:5=5rSE;?kffiOirfflT-<A^fcfflV\ 1 



A-^tiiLTV^S. ^(1). (2). (4)t*H-SllttM 
2<0ett. A* = 0. Pl/P2 = 0. 44, a 

= 0. 4i:^rS. ^(2). (4), $^>fc^fr(5)$rg| 
/cLTV^a*»\ 0»:i:l»:(7)IIlSf3feiS:if!lffl-r5fllJS-CS» 

[00 5 51 Qdcmmi. 'f'tx'Stmf'hsism^ 

T-<0«g«<OJ?§*«l . 2iiiiC0ffllSc7)3tT^X^?:fflV> 

[00561 iafe«?i2 <^ai$it^. mmmmmmm 

[00571 ^fc. |li{i^2tCfctt-Sife«iOi5i3SN 
50 -CAS. 



(8) 



!^ra¥9-l 79020 



13 



14 



[0058] 

im&ms} mmmsii, vAm^t 
^jesJtii. i»:*«4o. 5%, 2<jc**4 0. 5%. -e 

^(cSL-CV^I,. ^(1). (2). (4)t:jktt&lli6f« 
BOfitt. A^=l. 5A. Pl/P2 = l. 0, a = 
0. 5fc^:S. ^#(1). (4){iSI/::LTV^S*J. 3I« 
S:i^fciI^-rS«jS-C*)l.^!«^(2){iSI:tLTV> 10 

[0059] l<ii:llltlf5Ktt. fiM<OW$*«l. 2m<7) 

To = 1.87(W).00046XN 
Ko =-0.660 

A, =(1.96(HO.O110XN)X10r* 

A, =(1.980+0.0430XN) Xio' 
A,o= (-1.398-0.0041 XN)X 10* 
G„ = -1.392 Xior' 



f 2=2.921111 

V 

57.4 



[0060] 

NA=0.6 A==680m fl=3.(nm 
Sff»^ r d n 

1 1.800 1.48849 

2 L30Q/1.580 

3 00 L2O0/O.6OO 1.57834 29.9 

4 oo 

[0061] IIS6PII3 owyx<^m 1 mmmi. mE 

[0062] 
1^7] 

Ti = 1.792+0.00092XN 
Ki =-0.660 

=(8.80(M).2600 XN) X lOT* 

Bs =1.020X10^ 

Bg =(2.27a+0.1040XN)X10-' 

B,o={-1.745-0.01 10XN)X Iff* 

Gi =-2.784X10' 



[0 0 6 31 IIS6M3t*Jttl.lfe=gC0»:aNt3iatt*>/i> ^ 



N 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 



0.000000 
0.250877 
0.436215 
0.565354 



h 
h 
h 
h 
h 



[ 0 0 6 5 1 § <i>t. m2m\i. msiiWsm^mm 

[0066] 

[^91 * 



[006 
[^8] 
N 



< 0.250877 

< 0.436215 

< 0.565354 

< 0.671575 



0.671575 g h < 0.764522 

0.764522 g h < 0.848595 

0.848595 S h < 0.926239 

0.926239 g h < 0.998973 

0.998973 < h < 1.067823 

1.067823 ^ h < 1.133514 

1.1S514 g h < 1.196585 

1.1%585 g h < 1.257451 



12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 



4] 



257451 S 
316438 ^ 
373814 ^ 
429804 S 
484606 g 
5383% g 
591344 S 
643618 g 
695395 g 
746873 g 
798286 ^ 



h 

h < 1. 

h < 1. 

h < 1. 

h < 1. 

h < 1. 

h < 1. 

h < 1. 

h < 1. 

h < 1. 

h < 1. 

h < 1. 



316438 

373814 
429804 
484606 
5383% 
591344 
643618 
695395 
746873 
798286 
849923 



Ko = 0.000 

A, = 2.435 X IQ-^ 

A, = 8.370X10^ 



Go = 0.000 
Aj =-5.386X10' 
A,o» -6.070X10^ 
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[0067] 

^3t*it«. im^2 5. 4%. 2da^57. 3%, ^ 
0»3l62:CD<oJ:3=5rgJ»JR9»fflT-f;^^fc:fflv\ l 



(9) 



!Nfm^9-l 79 02 0 



1 5 



1 6 



iJ:3t5r M O D <7) J; ^ § iMr X ^ tfflv ^ SJ© 

^fcjgtri^s. ^(1). (2). unznthmmm 

4<0ffitt. A^=l. 6A. Pl/P2 = 0. 44. a 
= 0. 4k^h, ^(1). (2), (4). ^hiZ^ 

[00681 l»:laIJf3tJ±. fi^<^ff$*Jl. 2-0 

0 . 6 iiim<7)3tx X iOia«H±fc^l^$'}B^-r & . H 
ifi0i|4iOEffifitp5r?g1je^S^-rfl*^. Ji^SiESi^ofc 

[0069] mm4ff>m^. m^mm(m.m 
mi. m7iz5^^ixhmMm3bm-Tht. iisfiW4 

0.320 1.680 15.6Z 
0.460 1.540 34.2Z 

[ 0 0 7 3 1 ^rii , 2oir)ji^fc^-rs#3te«OilP 

iStm^mooXk^iHomth^ih^i:*). Alt 
3t^<03K«S:ti3atSfiIffl-f S ^ t . «t tf . 1 

»:lsl*f3ti: 2»cl51Jr3fet LT 20(^)^&^S:mi- 
S«^fctJV>-C. liJ:liI»f*WNA*f2iJ:@lff3tJ:'9:*: 

'C^StCOl^TJ±2owi^OlHl^Sr^-ra i 3 Biff 
[0074] 

[jl|HB<^«Mil£LhSlB8LfcJ:afc:. CiWJWBfcitL 



[0070] 1 nnWXU-tCJt^S^ySfiSOXk 

I. 2mmtDi:^0. 1 2Ann. 1 »:lBlJf3l6T*$ 0 . 6ib 
nCOfc^O. 0 5/iii, IJRIllJrSfeJiSl. 2niKDi:§ 
0. 0 3/im. 2»CllI*f3tC*$0. emmOtg^-O. 
04//nii:^S. 

10 [0071] mmA <7)ffijSt:«-:fV^-C5e( 3)<0^a 

^mynm i o ti^sfis i 3 tsgfl^r s . 

[0072] 
[*10] 

2»3tllIJfS»* P1/P2 
70. 5X 0.22 
47. IZ 0.73 

^A^^\^mmmm^mmii'miismi\yyxii^ 

[01] C:c^^fc*^*»-S.3ttff«IBSB±gaffl|51*f 

[02] muzjip.^tihv>ximkthm.<nm. 

10 0*fZMjSii^:^X 

II. 12 wyxm 
Ax 3ett 

30 Li v<msm 

L2 2<i?|lWf3t 

Fi m<mi^ 

F2 IB2<^»i^ 



[01] 



[02] 





